Accurate calcium signaling requires spatial and temporal coordination of voltage-gated calcium channels (VGCCs) and a variety of signal transduction proteins. Accordingly, regulation of L-type VGCCs involves the assembly of complexes that include the channel subunits, protein kinase A (PKA), protein kinase A anchoring proteins (AKAPs), and ␤2-adrenergic receptors, although the molecular details underlying these interactions remain enigmatic. We show here, by combining extracellular epitope splicing into the channel pore-forming subunit and immunoassays with whole cell and single channel electrophysiological recordings, that AKAP79 directly regulates cell surface expression of L-type calcium channels independently of PKA. This regulation involves a short polyproline sequence contained specifically within the II-III cytoplasmic loop of the channel. Thus we propose a novel mechanism whereby AKAP79 and L-type VGCCs function as components of a biosynthetic mechanism that favors membrane incorporation of organized molecular complexes in a manner that is independent of PKA phosphorylation events.
Accurate calcium signaling requires spatial and temporal coordination of voltage-gated calcium channels (VGCCs) and a variety of signal transduction proteins. Accordingly, regulation of L-type VGCCs involves the assembly of complexes that include the channel subunits, protein kinase A (PKA), protein kinase A anchoring proteins (AKAPs), and ␤2-adrenergic receptors, although the molecular details underlying these interactions remain enigmatic. We show here, by combining extracellular epitope splicing into the channel pore-forming subunit and immunoassays with whole cell and single channel electrophysiological recordings, that AKAP79 directly regulates cell surface expression of L-type calcium channels independently of PKA. This regulation involves a short polyproline sequence contained specifically within the II-III cytoplasmic loop of the channel. Thus we propose a novel mechanism whereby AKAP79 and L-type VGCCs function as components of a biosynthetic mechanism that favors membrane incorporation of organized molecular complexes in a manner that is independent of PKA phosphorylation events.
Voltage-gated calcium channels (VGCCs) are transmembrane proteins involved in the regulation of cellular excitability and Ca 2ϩ homeostasis in excitable and non-excitable cells (1) . They play a key role in numerous cellular functions including enzyme activation, muscle contraction, neurotransmitter release, and gene transcription. Molecular cloning has led to the isolation and functional expression of a number of subunits that form Ca 2ϩ channels. Based on primary structure homology, these subunits are separated into three different families (2) . High voltage-activated channels are comprised of the Ltypes (Ca V 1) and the N-, P/Q-, and R-types (Ca V 2). The third family (Ca V 3) is comprised of the members of the low voltageactivated/T-type Ca 2ϩ channels. Although primarily gated by fluctuations of membrane potential, an essential aspect of the function of these channels is their capacity to respond to extracellular signals via membrane receptors and intracellular second messengers that, in turn, alter channel activity. As for many ionic channels, growing evidence indicates that the specificity and speed of these regulations require a promiscuous organization of the constitutive channel subunits with membrane receptors and complexes of intracellular molecules. In that context, the role of scaffolding proteins in orchestrating these networks is crucial.
Accordingly, the regulation of voltage-gated calcium channels by anchored pools of protein kinases is a key factor in controlling intracellular calcium levels. Efficient phosphorylation is accomplished through formation of kinase-channel complexes. For example, protein kinase A (PKA) 1 is anchored near L-type calcium channels by different AKAPs in brain, skeletal muscle, smooth muscle, and myocardium (3) (4) (5) . Consequently these interactions are needed for the activity-dependent regulation of contractile force in skeletal muscle (6) or the ␤-adrenergic modulation of positive heart inotropism (5, 7). Furthermore, in heterologous systems, PKA-dependent phosphorylation of both ␣ 1C (Ca V 1.2) and ␣ 1S (Ca V 1.1) L-type channels does not appear to occur in the absence of AKAP proteins (5, 8, 9) , although the extent of regulation observed in these studies with recombinant systems is much smaller compared with the magnitude recorded in native cells (1, 10) .
Two distinct membrane-anchored AKAPs (AKAP15/18 and AKAP79/150) have been studied in that context, and a direct interaction between the skeletal muscle L-type channel ␣ 1S and AKAP15 has been recently identified (11) . Whereas AKAP15/18 is prominent in muscles, AKAP79/150 is abundantly expressed in neurons and has a pattern of localization similar to that of ␣ 1C (12) (13) (14) (15) . A high proportion of AKAP79/150 and ␣ 1C is concentrated in the primary branches of dendrites where they associate with ␤2-adrenergic receptors (16) to form postsynaptic signaling complexes that regulate synaptic transmission. * This work was supported by a Fondation UPSA grant (to E. B.), by Association Francaise de lutte contre les Myopathies (AFM) and Association de la Recherche contre le Cancer grants (to J. N.), and by operating grants from the Heart and Stroke Foundation of Alberta and the Northwest Territories and Canadian Institutes of Health Research (CIHR) (to G. W. Z.). The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
b Supported by a studentship award from the AFM. In the present study, we have examined in heterologous expression models the effect of AKAP79 coexpression on ␣ 1C calcium channel activity to further delineate the determinant of their interactions. We found that AKAP79 directly regulates the surface expression of ␣ 1C but, surprisingly, independently of PKA activation. A proline-rich region contained within the ␣ 1C II-III intracellular linker coordinates this effect. We propose that this sequence, common to various L-type channels, may act as an inhibitory motif that can be masked by AKAP79, favoring the delivery to the plasma membrane of preassembled L-type Ca 2ϩ channel signaling complexes.
EXPERIMENTAL PROCEDURES
Molecular Biology-We have previously described the generation of chimeras between ␣ 1C and ␣ 1E (17) . The II-III loops of ␣ 1C and ␣ 1E were amplified by PCR and subcloned into c-Myc/pcDNA3. A similar procedure was used to fuse AKAP79 or AKAP79⌬388 with a c-Myc epitope. Deletion of the PP motif on the ␣ 1C II-III loop (amino acids 854 to 864) was created by overlapping PCR, using as template a wild-type ␣ 1C cDNA engineered to contain two unique silent restriction sites (MluI and SpeI) flanking the II-III loop region (18 (19) . When AKAP79 was coexpressed with the Ca 2ϩ channel subunits, we used a ratio of 1 (AKAP), 3 (Ca 2ϩ channel mix). When needed, this mix was supplemented with the II-III loop constructs at a ratio of 3 (cDNA mix), 1 (II-III loop). As control, the empty vector was used to obtain the same dilution. Oocytes were then incubated at 18°C for 2-4 days in ND96 medium on rotating platform. For mammalian cell expression, human embryonic kidney (HEK) cells were used and transfected with calcium phosphate as described previously (17) .
Electrophysiology-Macroscopic oocyte currents were recorded using a two-electrode voltage clamp as previously described (19) with 5 mM barium as charge carrier. An AxoPatch-200B amplifier (Axon Instruments) was used for cell-attached recordings with 7-12 M⍀ sylgardcoated pipettes filled with a solution containing (in mM): 100 BaCl 2 , 10 HEPES, pH 7.3. 1 M FPL64176 was also added to the pipette solution to facilitate the resolution of single channel events. Oocytes were placed in a high potassium solution to reduce the membrane potential to 0 mV. Whole cell recordings in HEK cells were performed with an AxoPatch-200B amplifier using an external solution containing (in mM): 10 BaCl 2 , 160 TEACl, 10 HEPES (pH to 7.4 with TEAOH). Pipettes of 1-2 M⍀ resistance were filled with an internal solution containing (in mM): 110 CsCl, 3 MgCl 2 , 10 EGTA, 10 HEPES, 3 Mg-ATP, 0.6 GTP (pH to 7.2 with CsOH). All chemicals used were purchased from Sigma except for the peptide Ht-31 provided by Dr. N. Lamb (Montpellier, France). Ht-31 was injected during the recording by an additional microelectrode. pCLAMP7 software was used for data acquisition; analysis was performed with pCLAMP6, Excel, and GraphPad Prism software. Results are presented as the mean Ϯ S.E. and compared using Student's t test.
Surface Expression-Surface expression of ␣ 1C protein was measured using the immunoassay recently described (20) . The hemagglutinin (HA) epitope was inserted into the extracellular S5-H5 loop of domain II. Complementary oligonucleotides encoding the HA epitope flanked with extra amino acids to enlarge the loop were annealed to form an MluI adaptor and ligated into a unique silent MluI site introduced at base pair 2055 by site-directed mutagenesis on the ␣ 1C cDNA. The amino acid sequence of the HA-tagged ␣ 1C reads 680 DEMQTRHYPYD-VPDYAVTFDEMQTRRS 706 at the epitope insertion site (HA epitope shown in bold type, extra residues are in italics). The epitope is therefore 12 amino acids distant from the S5 end and from the start of the H5. Two days after cDNA injection, currents were recorded. Oocytes were then placed for 30 min in ND96 with 1% bovine serum albumin to block unspecific binding, incubated for 60 min at 4°C with 1 g/ml rat monoclonal anti-HA antibody (3F10, Roche Molecular Biochemicals) in ND96 -1% bovine serum albumin, washed at 4°C, and incubated for 30 min at 4°C with horseradish peroxidase-coupled secondary antibody (goat anti-rat FAB fragments, Jackson ImmunoResearch). After several washes with 1% bovine serum albumin for 60 min at 4°C, individual oocytes were washed with normal ND96 solution at room temperature and then placed in 50 l of SuperSignal ® ELISA Femto substrate (Pierce). Chemiluminescence was quantified immediately in a Luminoskan microplate reader (Labsystems Inc., Finland). All data were normalized to the level of signal obtained for the HA-␣ 1C channel complex with its ancillary ␣ 2 -␦ and ␤ 1b subunits.
Western Blotting-Oocytes protein samples were prepared as follows. Oocytes were homogenized in a buffer containing 100 mM NaCl, 20 mM Tris-HCl (pH 7.4), 1% Triton X-100, 1 mM phenyl-methylsulfonyl fluoride, supplemented with a protein inhibitor mix (Roche Diagnostics). Homogenates were shaken for 15 min at 4°C and centrifuged at 14000 ϫ g for 2 min. HEK samples were prepared as in Ref. 21 . Proteins were separated by SDS-PAGE on 6 or 8% gels, transferred onto nitrocellulose membranes, and then immunoblotted. The blot was blocked with 5% powdered nonfat milk. c-Myc-tagged proteins were detected with mouse monoclonal anti-c-Myc antibodies at 1:300 dilution (9E10, Santa Cruz Biotechnology). HA-tagged proteins were detected with a rat monoclonal anti-HA antibody at 1:1000 dilution (3F10, Roche Molecular Biochemicals). Horseradish peroxidase-conjugated secondary antibodies at 1:5000 dilution (sheep anti-mouse, Amersham Biosciences, or goat anti-rat FAB fragments, Jackson ImmunoResearch) and the ECL chemiluminescence system (Amersham Biosciences) were used for detection.
RESULTS

AKAP79
Up-regulates L-type Current Density-When coexpressed with AKAP79, ␣ 1C channels exhibited a 2 to 4-fold increase in current density (Fig. 1A) . This augmentation was not associated with any significant changes in whole cell current kinetics nor with a leftward shift in the voltage dependence of activation, unlike what is typically seen following PKAdependent regulation of native L-type calcium currents (
. The AKAP79-mediated enhancement of current amplitude did not require the presence of a calcium channel ␤ 1b subunit (Fig. 1 , B and C; ϩ␤ 1b , I AKAP /I ϭ 3.1 Ϯ 0.2, n ϭ 26; Ϫ␤ 1b , I AKAP /I ϭ 2.9 Ϯ 0.5, n ϭ 8) and was not altered following coexpression of distinct forms of ␤-subunits (not shown), indicating that the effect of AKAP79 is intrinsic to the L-type calcium channel ␣ 1 subunit. Moreover, coexpression of AKAP79 had no effect on the current amplitudes of members of the Ca V 2 (␣ 1A , ␣ 1E ) or Ca V 3 (␣ 1G , ␣ 1H ) calcium channel subfamilies (Fig. 1C) , indicating that AKAP79 selectively affects L-type calcium channels.
One well characterized function of AKAPs is to bring PKA to the vicinity of its substrates to allow their phosphorylation, as observed for a number of ionic channels and plasma membrane-anchored AKAPs (22) . To test whether activation of PKA that was associated with AKAP79 mediated enhancement of L-type channel currents, we applied several pharmacological agents that perturb PKA-dependent phosphorylation. First of all, long term incubation (24 h) of the oocytes with the broad spectrum protein kinase inhibitor H7 (100 M) did not significantly alter the magnitude of the AKAP effect (Fig. 1D) , suggesting that tonic channel phosphorylation is unlikely to underlie the up-regulation of L-type currents. Second, the stimulation of the PKA cascade by an acute application of 50 M forskolin did not result in any functional change in ␣ 1C channel activity in the presence (Fig. 1D) or absence of AKAP79. Third, to test whether the PKA-AKAP interaction is a prerequisite for the AKAP79 effects, we injected the oocytes during the time course of the recordings with the AKAPlbcderived peptide Ht-31 (50 M final concentration) that contains the critical RII-binding domain and is known to prevent association of PKA with AKAPs (23). As with H7 or forskolin, application of the Ht-31 peptide did not antagonize the AKAP79-induced current increase (Fig. 1D) . Finally, we created a truncated AKAP79 construct in which the PKA-interacting RII domain had been deleted through insertion of a premature stop codon after residue 388 (Fig. 1E) . In addition,
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both the mutant and the wild-type AKAP79 were fused to a c-Myc epitope to verify their expression. Consistent with the Ht-31 injections, both ⌬388 and full-length AKAP79 promoted similar increases in ␣ 1C channel activity (Fig. 1F , I AKAP79 c-Myc /I ϭ 3.36 Ϯ 0.3, n ϭ 7; I AKAP79⌬388 c-Myc /I ϭ 3.28 Ϯ 0.1, n ϭ 26). Collectively, these data indicate that the ability of AKAP79 to enhance L-type calcium channel levels occurs independently of its role in PKA signaling, hinting at a novel action that might perhaps be related to its function as a scaffolding protein (24) .
Unitary Conductance Is Not Affected-The increase in current level could in principle be due to one or a combination of three factors, single channel conductance, maximum open probability (Po), or an increase in the number of functional channels. To distinguish among these possibilities, we first examined the effect of the calcium channel agonist FPL64176, which is known to enhance the Po. If the major function of AKAP79 were due to a selective effect on Po, then one might expect a smaller FPL-mediated effect on channels coexpressed with AKAP79. The magnitude of FPL increase, however, was similar with or without AKAP (ϪAKAP, 3.08-fold Ϯ 0.3, n ϭ 7, ϩAKAP, 2.93-fold Ϯ 0.3, n ϭ 8). Although such observations would not be discriminative for small Po changes, they suggest that AKAP79 does not act in majority by increasing Po. Next, we performed cell-attached single channel recordings to examine a putative AKAP79 effect on unitary conductance (Fig. 2, A  and B) . In the presence of AKAP79, the number of channels per patch was consistently increased and the number of patches without channels reduced. However, the conductance remained unaltered (Fig. 2B) . Thus, rather than changing channel function, AKAP79 appears to act by increasing channel density.
AKAP79 Promotes ␣ 1C Plasma Membrane Expression-To determine whether AKAP79 indeed altered the plasma membrane expression of the channel complex, we directly measured plasma membrane protein levels based on the immunoassay described by Zerangue et al. (20) . We inserted the HA epitope into the domain II S5-H5 extracellular loop of ␣ 1C , and to ensure a good accessibility of the epitope we introduced extra flanking residues known to optimize the recognition by the antibody (25) . The tagged channel was recognized by the anti-HA antibody in Western blots (Fig. 3A) , and its currents were still augmented following AKAP79 coexpression. Moreover, its biophysical properties were identical to that seen with the wild-type (WT) channels, suggesting that the insertion of the additional sequence did not disrupt channel conformation. The assay to measure surface expression consists of an enzymatic amplification of HA recognition by using a peroxidase-coupled secondary antibody and a maximum sensitivity-enhanced chemiluminescent substrate adapted to luminometric detection. After electrophysiological recordings, individual non-permeabilized oocytes were processed with the primary and secondary antibodies. Channel surface expression on individual oocytes, directly related to the intensity of chemiluminescence, was subsequently quantified with a luminometer. For positive and negative controls we used an HA-tagged Kir2.1 potassium channel (known to give a good signal in this assay, Ref. 20 ) and the WT ␣ 1C channel, respectively. As shown in Fig. 3B , the WT L-type channel alone yielded a signal no higher than background, whereas HA-Kir2.1 produced consistent chemiluminescence. Because the ancillary ␤-subunit is known to increase calcium current levels by disrupting an endoplasmic reticulum retention mechanism (26), we first tested the accuracy of the assay by asking whether coexpression of the ␤-subunit alters surface expression of the HA-␣ 1C subunit. Indeed, surface expression of HA-␣ 1C was increased by about 3-fold upon coexpression with ␤ 1b (Fig. 3B) . However, this could not account for all of the observed increase in current amplitude (ϳ7-fold, Fig.  1B) , consistent with the dual role of this regulatory subunit in controlling both the expression and the biophysical properties of the pore subunit (27) . In contrast, coexpression of AKAP79 promotes a further increase in surface expression of the HA-␣ 1C (ϩ␣ 2 ϩ␤ 1b ) channel complex (2 Ϯ 0.27-fold, Fig. 2D ) that is consistent with the observed stimulation of current density. Thus, combination of electrophysiology and surface protein measurements supports the notion that AKAP79 appears to increase expression of ␣ 1C in the plasma membrane.
Molecular Determinants of AKAP79-sensitive Trafficking-We tested a series of chimeric calcium channels (17, 19) to map the structural determinants in ␣ 1C that increase current levels in the presence of AKAP79. We utilized a family of chimeric channels that were previously generated by switching transmembrane domains from the ␣ 1C L-type channel with corresponding regions from the AKAP79-insensitive ␣ 1E channel. Note that each domain that was swapped also contained the preceding intracellular loop (i.e. II-III loop with domain III). As shown in Fig. 4A , the effects of AKAP79 were main- 
L-type Ca 2ϩ Channel Regulation by AKAP79 33600
tained by replacement of domains I, II, or IV of ␣ 1C with those of ␣ 1E (ECCC, CECC, EECC, and CCCE). By contrast, substitution of domain III of ␣ 1C abolished the AKAP79 effects (Fig.  4, A and B) , implicating domain III and the associated II-III linker as a key determinant. Because cytoplasmic regions are the prime candidates for mediating interactions with intracellular proteins, we further studied the role of the II-III linker. We first examined whether overexpression of the ␣ 1C II-III linker or subregions of this loop could act to inhibit the AKAP79 effect. These loops (as well as the corresponding re- 
was included in the patch pipette to facilitate resolution of single channel events. Currents were elicited from a holding potential of Ϫ80 mV to test potentials of ϩ30 and 0 mV. Long openings, typical of L-type channels in the presence of FPL64176, can be observed. Note that the number of channels is increased in the presence of AKAP79. B, lack of effect of AKAP79 on single channel conductance of ␣ 1C ϩ ␣ 2 -␦ ϩ ␤ 1b (ϪAKAP, ␥ ϭ 26.6 picosiemens, n ϭ 3; ϩ AKAP, ␥ ϭ 26.9 picosiemens, n ϭ 4). Note that co-expression of AKAP79 promotes an increase in surface expression of the HA-␣ 1C channel complex that is consistent with the observed stimulation of current density. All error bars shown denote S.E. Asterisks show statistical differences using Student's t tests.
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2ϩ Channel Regulation by AKAP79 33601 gion of ␣ 1E as a negative control) were fused to a c-Myc epitope in an expression vector (Fig. 5A) , and their correct expression was verified by Western blot from oocytes used for electrophysiological recording. Protein sizes were confirmed by metabolic labeling (not shown) as well as by blotting the same proteins transiently expressed in HEK 293 cells (Fig. 5B) . Using a 3:1 ratio of channel subunits AKAP79 to II-III loop, the expression of the ␣ 1E II-III linker did not alter the magnitude of the AKAP79 effect. In contrast, the effect of AKAP79 was reduced to control levels in the presence of the ␣ 1C II-III linker (Fig. 5B , II-III C). This effect appeared to be selectively due to the carboxyl half (II-III C2) of the domain II-III linker, suggesting that the presence of a possible interacting domain on II-III C and II-III C2 is able to quench the AKAP79 effect.
A Proline-rich Motif Restrains ␣ 1C Surface Expression in the Absence of AKAP79 -Upon examination of the amino acid sequence of the carboxyl half of the ␣ 1C II-III linker, we noted a conspicuous polyproline motif (Fig. 6A , designated PP region) that is conserved in three of the four L-type calcium channel ␣ 1 subunits identified to date. Because proline motifs are frequently implicated in protein-protein interactions, we deleted this 11-amino acid cluster containing the 5 prolines (to generate ␣ 1C-⌬PP ) and examined the ability of AKAP79 to enhance currents carried by the mutant channel. The deletion did not affect channel properties per se; however, it completely negated the AKAP79 effect (Fig. 6B) . Interestingly, the deletion resulted in current densities that were similar to those seen with the WT channels coexpressed with AKAP79 (Fig. 6C ). This effect was not confined to the Xenopus oocyte expression system, because an even larger increase (ϳ8-fold) in current density was obtained when the channels were expressed in HEK cells (Fig. 6C) . Overall, our data indicate that the PP region is antagonistic to channel surface expression and that AKAP79 may serve to counteract the role of the PP motif.
DISCUSSION
Ion channels do not operate as free floating entities in the plasma membrane but rather associate with intracellular molecules that are important for their trafficking to the membrane, their sorting toward subcellular sites, and their association with specific molecules to form specialized signal transduction complexes. A number of interacting partners have been recognized for various Ca 2ϩ channel subunits (1). Membrane-bound AKAP proteins are part of L-type Ca 2ϩ channel signaling networks (5, 8, 9, 11) . The data presented here indicate that in addition to its known role on kinase and phosphatase regula- tion, the postsynaptic scaffolding AKAP79 largely promotes surface expression of L-type Ca 2ϩ channels. It is now well established that the surface expression of plasma membrane proteins can be regulated by a number of specific sequences (28) . These include quality control and forward trafficking signals that regulate supply to the membrane as well as internalization motifs that control protein retrieval from the surface by endocytosis. In our experiments we characterized an 11-amino acid cluster enriched in proline residues that mediates the AKAP79-induced surface expression. Although several ion channels contain well established endocytotic motifs, none of these such as the di-lysine or the tyrosinebased (Yxx⌽) signals (29) are found in the ␣ 1C cytoplasmic region identified as critical for the AKAP79-mediated effects. Increased surface expression resulting from an interaction of different constitutive subunits of a channel complex such as the one we describe here are more often linked to quality control mechanisms involving the shielding of endoplasmic reticulum retention/retrieval signals in the fully assembled channels (20, 30) . Such a role has been described for the calcium channel ␤-subunit, which occludes a retention signal within the ␣ 1 subunit domain I-II linker (26) . Similarly, AKAP79 may act on the PP region of Ca V 1 channels by a similar mechanism, although this will be addressed in the future. Nonetheless, these data together with those of earlier studies (26, 31) suggest that individual calcium channels may contain a variety of surface expression determinants that differ among the three Ca V subfamilies, providing a specific regulation of their cellular dynamic. We show here that only three Ca V 1 pore-forming subunits contain the PP region in their II-III loop. Similarly, the ␤-subunit occlusion of the I-II loop retention signal is likely restricted to Ca V 1 and Ca V 2 channels because members of the Ca V 3 family have divergent I-II linkers and are not regulated by ␤-subunits. AKAP79 has been shown to interact with a number of proteins, suggesting the possibility that it might physically bind to the PP region. However, we could not detect in vitro binding between AKAP79 and ␣ 1C II-III-linker fusion proteins (not shown), indicating that AKAP79 and ␣ 1C interact only weakly and perhaps only transiently, if at all. Alternatively, it is possible that AKAP79 might interact with the L-type calcium channel via one or more adaptor proteins, as reported for the AKAP79/AMPA receptor interaction (32) . Nonetheless, future biochemical and molecular studies will be required to unravel all the details of these events to fully interpret the cell biological mechanism by which ␣ 1C surface expression is enhanced.
From a physiological point of view, there is growing evidence that signaling pathways are structurally, spatially, and temporally tightly regulated. Biochemical data obtained from intact neurons have shown that the murine homologue of AKAP79 (AKAP150) interacts with ␣ 1C and the ␤2-adrenergic receptor in dendritic spines, possibly implicating AKAPs in receptor signaling to L-type calcium channels via PKA (16, 33) . Within the context of this colocalization, however, our data suggest a novel role of AKAP79 in calcium channel modulation that occurs independently of PKA signaling. At the same time, AKAP79 may promote the association of molecular complexes comprising L-type Ca 2ϩ channels and lead to their preferential trafficking/targeting to postsynaptic dendritic spines, as well as enhance calcium current densities. In view of the physiological role of L-type calcium channels in the activation of calciumdependent enzymes and, perhaps more importantly, the triggering of calcium-dependent gene transcription (34) , a dynamic regulation of L-type calcium channel levels via AKAP proteins may provide an important feedback mechanism for regulating these processes via controlling L-type channel surface expression. Furthermore, like L-type channels, AKAP79/150 proteins have been shown to stimulate cAMP-response element-binding protein-dependent gene transcription (35, 36) , suggesting the intriguing possibility that AKAPs could be part of the signaling cascade between L-type calcium channels and the nucleus that is preferentially activated at postsynaptic sites (37) .
